INTRODUCTION
Species of the genus Chthamalus Ranzani 1817 are di⁄cult to identify because of their great variation in external morphology (Southward, 1983; Dando, 1987; Southward et al., 1998) . This was noted by earlier generations of cirripede workers, including Darwin (1854) , Pilsbry (1916) , Nilsson-Cantell (1921) , Utinomi (1954) and Pope (1965) . Over the years it became evident that more attention should be given to internal characters, particularly the cirral appendages and trophi, collectively called the 'arthropodal' characters, though these do not always separate closely related species. Darwin (1854) spent some time examining these microscopic features, having purchased a high-quality compound microscope, now in the possession of the Botany School at Cambridge, England. Pilsbry (1916) extended the study and employed the morphology of the mandible to separate subgenera, for example the 'hembeli' group and the 'stellatus' group. Nilsson-Cantell (1921) extended the use of the mandible to distinguish subgroups and species, and looked further at the setae of cirrus 2. However, even today not all species of Chthamalus have been properly investigated for characters of the cirri and trophi. The need to examine such arthropodal characters has recently been stressed (Southward et al., 1998; Poltarukha, 2001a,b) . The most useful characters are the form of the complex setae found on the distal segments of the second cirrus and the presence or absence of conical spines on the outer (anterior) ramus of the ¢rst cirrus. Figure 1 shows outline sketches illustrating the features of cirri 1 and 2 and the mandible of use in identi¢cation and classi¢cation. Additional internal characters that have also been used are the shape and position of the adductor muscle scar inside the scutum and measures of the proportions of the mandible and maxillule, but these are more variable (Dando & Southward, 1980) . Biochemical genetic characters can help separate closely related species and possible subspecies (Hedgecock, 1979; Dando & Southward, 1980; Miller et al., 1989; Pannacciulli et al., 1997; Southward et al., 1998; Wares, 2001 ). They are not universally applicable since dry type material in collections cannot be used for isozyme studies, and formol or ethanol preserved specimens may not retain su⁄cient undamaged DNA for ampli¢cation.
Especial confusion has arisen about the status of the common Chthamalus species on the shores of the IndoMalayan region, northern Australia and the Philippines. Few of the early authors looked fully at the arthropodal characters and those who did made understandable mistakes. Poltarukha (2001a,b) has attempted a revision of the two dominant species that occur in this area, erected by Pilsbry (1916) . These are: Chthamalus malayensis Pilsbry 1916, originally described from a sample collected in the 'Malay Peninsula', and C. moro Pilsbry 1916, originally described from material collected at Zamboanga in the southern Philippines. Figure 2 shows the external appearance of these two species, as seen in samples from Taiwan. Pilsbry did not study the arthropodal characters of C. moro, and his description of these aspects of C. malayensis is de¢cient. Until recently, the published description of the trophi and cirri could not be checked as the microscope slide of the type was mislaid, as noted by Pope (1965) . This has produced further confusion in some recent publications on the group (Poltarukha, 2001a,b) . From a mistaken reading of Pilsbry (1916) , who did not in fact observe the arthropodal characters of C. moro, and from confused descriptions by later authors, Poltarukha (2001a,b) decided that Vietnam specimens of Chthamalus with conical spines on cirrus 1, and with basal guards on the complex setae of cirrus 2, must be C. moro; and material lacking these characters must be C. malayensis. This decision contradicted the opinion of Pope (1965) , who reviewed the Indo-Malayan species of Chthamalus and stated that the common species in northern Australia was C. malayensis and that it had conical spines on the ¢rst cirrus and complex setae with basal guards on the second cirrus. Dando & Southward (1980) and Southward et al. (1998) used Pope's characters to assign C. malayensis as the key species in a subgroup of Chthamalus (Table 1) .
MATERIALS AND METHODS
The type specimens of Chthamalus malayensis and C. moro loaned by the National Museum of Natural History, Washington (NMNH) and the Academy of Natural Sciences of Philadelphia (ANSP) were examined. Additional material was borrowed from the Zoological Museum, Copenhagen (ZMC) and the Senckenberg Museum, Frankfurt. As Pope (1965) reported, the microscope slide of C. malayensis prepared by Pilsbry was not catalogued at ANSP, but diligent searches by Dr G. Rosenberg located it there. This slide was dried up, as were other glycerine jelly preparations made by Pilsbry (Zullo, 1968) . The slide was rehydrated by several days soaking in water on a hot plate at 408C. Cover slips were removed and the appendages remounted in fresh glycerine jelly. Not all the original jelly could be fully softened and there are some air bubbles in the remounted preparations, but it is possible to discern and photograph the arthropodal features.
The dried paratypes of C. moro included some intact individuals with body and opercular plates, and two of these were successfully rehydrated and softened in dilute showing conical spines on the inner side of the outer (anterior) ramus, setae omitted for clarity; (E) mandible of C. malayensis showing, from top to bottom, four prominent teeth, of which the fourth is double, then the pecten of 13 small teeth, then the three teeth at the lower angle. Scale bars: A^C, 10 mm; D,E, 100 mm. sodium triphosphate solution, after which the cirri and trophi could be dissected and mounted in glycerine jelly. Large numbers of slide preparations of Chthamalus made by the authors since 1956 were re-examined to compare with the types. Additional new material from the tropical coast of Australia, Indonesia, Hong Kong, Taiwan and the islands of the western Paci¢c was dissected and mounted. Photomicrographs were taken at various magni¢cations under Ko« hler illumination, and also with phase and anoptral contrast. Photography is important in this context since many of the smallest features of the spines and setae on the cirri are close to the limits of resolution of the light microscope and drawings can show personal bias. It was not possible to prepare the type material for electron microscopy.
RESULTS
Chthamalus malayensis is reviewed ¢rst since this is the critical species. Then Chthamalus moro is considered. Features of Chthamalus challengeri, with which C. malayensis has often been confused, are also described. Table 2 lists the localities investigated, including material dissected by the authors and published descriptions that have been corrected by comparison with the type specimens. ?, denotes species that may belong to new subgroups; entries in parentheses include species being described or not yet described.
labelled only as 'from the Malay Peninsula'. Judging from the political situation in south-east Asia in the late 19th Century, the sample is likely to have come from northern Malaya, close to Indo-China. Pilsbry illustrated the mandible and maxillule (¢rst maxilla), as reproduced in Figure 3A ,D herein. He did not report conical spines on cirrus 1 and said that the setae on the terminal segments of cirrus 2 were 'as described and ¢gured for C. stellatus' and that there were 'no large-toothed spines as in C. challengeri'. These comparisons are mistaken. Pilsbry's (1916) redescription of C. stellatus included both C. stellatus and C. montagui (Southward, 1976) and his redescription of C. challengeri included specimens that had serrate setae with basal guards on cirrus 2. As reported on p. 7 of this article, correctly identi¢ed C. challengeri have pectinate setae without basal guards on cirrus 2. Pope (1965) reviewed the morphology of C. malayensis in detail and criticized the illustrations by Pilsbry (1916) but was unable to check fully on the arthropodal features, since the slide of Pilsbry's type specimen was then missing. The now rediscovered and rehydrated dissections of Pilsbry show the mandible to be as drawn (Pilsbry, 1916, p. 311, ¢gure 90) . There is a relatively short pecten or comb of six small teeth between the fourth large tooth and the group of teeth at the lower angle ( Figure 3B ,C herein). The drawing of the maxillule by Pilsbry ( Figure  3D ) was based on a damaged appendage that is still on the slide ( Figure 3E ). However, the maxillule from the other side of the mouth ( Figure 3F ) is also on the type slide and is similar to those sketched by Pope (1965) for Australian specimens. The undamaged maxillule does not have small spines in the U-shaped pit or notch between the upper and lower clusters of spines; these di¡erences are not a result of normal slight asymmetry of appendages, but of damage during dissection. Inspection at high magni¢cation shows cirrus 1 to have stout conical spines (not mentioned by Pilsbry) on the inner side of the anterior ramus, but these are not easy to see ( Figure 3G ). The terminal segments of both rami of cirrus 2 have some coarsely serrate setae, with basal guards, in addition to some ¢ner pectinate setae without basal guards ( Figure 3H&J ). These details of cirri 1 and 2 agree with the anatomy of the Australian specimens attributed to C. malayensis by Pope (1965) . Several lots of Chthamalus that we have examined from Hong Kong, Taiwan, Vietnam, Indonesia and localities in Australia and around the Indian Ocean have similar features of the ¢rst and second cirri and we have classed them as C. malayensis (Table 2 ). Figure 4A shows a coarsely serrate seta from a Vietnam specimen that clearly illustrates the character and the basal guards; in comparison, Figure 4B shows the simple pectinate setae of C. moro. Our data for the types and other specimens of C. malayensis do not agree with the characters attributed to the species by Poltarukha (2001b, pp. 157^160) .
From the illustrations and description by Hoek (1913, pp. 267^269) it is practically certain the C. stellatus he recorded from Lombok, Indonesia, was C. malayensis. Specimens from Krakatau, Indonesia, loaned by the ZMC, and described by Broch (1931, pp. 53^55) as C. challengeri krakatauensis are in fact C. malayensis. Furthermore, it seems highly likely that C. challengeri challengeri reported by Broch (1947) from Indo-China is also C. malayensis. The identity of the Broch (1931) material with C. malayensis was suggested by Utinomi (1939, p. 249) as noted by Karande & Palekar (1963, p. 231) . Pope (1965) agreed, and discussed problems arising from the erroneous re-description of C. challengeri by Pilsbry (1916) , reported upon further below.
We con¢rm that the dissected type material has distinctive mandibles, one as illustrated by Pilsbry (1916) , with a short pecten of six small teeth between the fourth tooth and the lower angle, the other with a pecten of ten small teeth. We therefore examined the mandibles of slidemounted dissections of many specimens that showed the features of the ¢rst and second cirri attributable to C. malayensis. As shown in Figure 5A^J , these specimens had a relatively short pecten of up to 13 comb-like teeth, and almost all of them had three strong teeth at the lower angle. Sometimes the second and third teeth at the lower angle are partly joined at the insertion. In contrast, all the specimens showing 'challengeri' characters of the ¢rst and second cirri had a mandible with a long pecten of 20 or more small teeth and carried only one, or sometimes two, relatively small teeth at the lower angle ( Figure 6A^C ). The mandible thus o¡ers a further useful distinguishing character.
An additional character was noted by Rossel (1972) . He found prominent spines along the anterior ramus of cirrus 2 in specimens identi¢ed as Chthamalus antennatus Darwin 1854 and C. stellatus (Poli, 1791). The other cirral characters mentioned by Rossel indicate these specimens were probably C. malayensis as rede¢ned here. Such spines on cirrus 2 have been found on other examples of C. malayensis, as shown in Figure 7B , but are not always easy to see. Figure 7A shows for comparison the spines on the outer ramus of cirrus 1 of a specimen of C. malayensis.
The placing of Chthamalus moro as a synonym of C. malayensis by several authors (Utinomi, 1954; Karande & Palekar, 1963; Pope, 1965; Newman & Ross, 1976) Specimens from Taiwan, the Mariana Islands, the Caroline Islands, the Philippines, Indonesia, Fiji and Samoa that we have studied and dissected can be attributed to this species.
Pilsbry described C. moro from small dry specimens collected at Zamboanga in the southern Philippines, but did not dissect them. The dried types were attached to a shell of Tetraclita ( Figure 8A ). Additional dry paratype material listed by Pilsbry (1916) from the same locality, was loaned by the ANSP; these were also on shells of Tetraclita. Additional specimens from Mindoro, Philippines, on limestone, validated by Rossel, were loaned by the ZMC. The ZMC also loaned the sample from Zamboanga examined by Broch (1922, p. 307) ). The latter sample contained many isolated specimens of C. moro and a group on the shell of a limpet, but also included many specimens of a euraphiid barnacle. The drawing and description of the mandible of 'C. moro' from this sample by Broch does not agree with our dissections of the type material and specimens from other locations, nor with the description by Rossel (1972) , as that author realized. It seems possible that Broch was confusing the two species in the sample and illustrated the mandible of the euraphiid. Figure 8A showsthe shell walls of paratypes of Pilsbry's species and Figure 8B shows specimens from the type locality, complete with opercular plates, identi¢ed by Broch (1922) .
The mounted appendages obtained from a rehydrated paratype con¢rm that C. moro is quite distinct from C. malayensis, since cirrus 1 lacks conical spines, and cirrus 2 carries only ¢nely pectinate setae without basal guards ( Figure 4B) . The mandible has a fairly long pecten, and there are only one or two teeth at the lower angle ( Figure 8C ). The maxillule has only a small notch between the upper and lower larger spines, partly ¢lled with smaller spines ( Figure 8D ). Rossel (1972) described the same set of arthropodal characters for the Mindoro specimens ( Figure 9 ). These characters place C. moro in the 'challengeri' subgroup of Dando & Southward (1980) . Ren (1984) has described typical Chthamalus moro from the Xisha Islands, formerly the Paracel Islands, 170 miles south-east of Hainan Island and 300 miles west of the Philippines. As yet, there are no records for mainland China or Vietnam.
Chthamalus moro is thus not a juvenile stage of Chthamalus malayensis as stated by Utinomi (1954) , Pope (1965) and Newman & Ross (1976) , but a distinct species. The small size of the specimens makes dissection di⁄cult, and the de¢ning characters of cirri 1 and 2 need careful searches at high magni¢cation. In the ¢eld it should be distinguishable from C. malayensis by its smaller size and stronger ribbing of the parietes (Figure 2 
Material examined
Natural History Museum, London (types of Chthamalus challengeri Hoek). Specimens from Japan supplied by H. Utinomi and T. Yamaguchi.
A basic problem for anyone studying Indo-west Paci¢c chthamalids is that the re-description of C. challengeri by Pilsbry does not agree with the type specimens or the abundant species of Chthamalus found on Japanese shores. The type material consists of a group of juveniles that were scraped from the screw of HMS 'Challenger' following some weeks in Japanese waters (Hoek, 1883) . Many years ago one of us (A.J.S.) examined the types in London and more recently we looked at several lots of Japanese Chthamalus sent to us by the late H. Utinomi (formerly F. Hiro) and by T. Yamaguchi. These all show the same characters of the appendages: no conical spines on cirrus 1 and ¢nely pectinate setae without basal guards on cirrus 2. A mandible of C. challengeri (sensu stricto) from Japan is shown in Figure 6A .
In contrast, Pilsbry (1916, p. 307 ) describes a specimen from Matsushima as having on the posterior border of the anterior ramus of cirrus 1 'some very short, stout, slightly curving spines, much as ¢gured for C. cirratus, but not noticed in any other species'. He also says the terminal segments of both rami of cirrus 2 have 'several simply serrate spines and a few broad ones with two coarse teeth below the ¢nely serrate portion'. These are characters shown by C. malayensis, as stated above, but there are no records of C. malayensis from the main Japanese Islands (Utinomi, 1970) . This sample is recorded as collected at Matsushima, which is a very landlocked bay north of Tokyo. The description certainly does not ¢t the types of C. challengeri and it seems possible we have a mislabelling problem. Pilsbry also mentions and illustrates a group of C. challengeri from Yokohama, which is where HMS 'Challenger' spent some time, but he did not report on the appendages and mouthparts. He also notes specimens from Ayukawa that have no pectinate setae on cirrus 2, but does not mention cirrus 1. There are at least two places named Ayukawa in Japan. One is a ¢shing port in Hokkaido, where Chthamalus dalli might be expected to occur as well as C. challengeri, while another Ayukawa exists on the Japan Sea coast of middle Honshu.
It is di⁄cult to believe these strong di¡erences reported by Pilsbry (1916) from Japanese material could be shown by a single species, and hence he must have been working with more than one species, as apparently happened when he described Chthamalus from tropical Atlantic and Caribbean sites (Dando & Southward, 1980) . In describing a new subspecies, C. challengeri nipponensis, from an unreported location in Japan, Pilsbry (1916, p. 309) does not mention any stout spines on cirrus 1 and says that the terminal segments of cirrus 2 have 'several serrate spines....but these spines have not the large lower teeth seen in C. challengeri'. We have seen that this report of basal guards in C. challengeri is erroneous. In e¡ect Pilsbry's subspecies nipponensis corresponds better to the types of C. challengeri than his redescription of the species itself.
Nilsson-Cantell (1921) identi¢ed museum material from Japan and Java as belonging to Chthamalus challengeri, but did not report whether there were conical spines on cirrus 1. For cirrus 2 he notes pectinate setae in both samples, those from Java being strong and those from Japan being weak; we interpret this as the Java specimens being C. malayensis with serrate setae, and the Japanese specimens being C. challengeri with pectinate setae. 
DISCUSSION

Erroneous descriptions
The erroneous or only partial descriptions of the 'arthropodal' characters of the oriental species of Chthamalus by Pilsbry (1916) , has caused much confusion in several later accounts of cirripede collections from the Indo-west Paci¢c. It has already been mentioned that Broch's (1931 Broch's ( , 1947 ) records of C. challengeri are likely to be referable to C. malayensis. The record of C. malayensis from Taiwan (as Formosa, in Hiro, 1939) does not mention spines on cirrus 1 or serrate setae on cirrus 2, but specimens from Patoutzu, Keelung, sent to us recently are indeed C. malayensis. There are several records of C. malayensis from the Indian Ocean, not all of which are based on distinctive arthropodal characters. The descriptions of Nilsson-Cantell (1938) and Stubbings (1961) provide enough detail to show that their specimens were not in fact C. malayensis. The specimens described from Mindoro, Philippines as C. stellatus and C. antennatus by Rosell (1972) are probably C. malayensis. Chthamalus malayensis has also been reported from Hong Kong and the Chinese mainland, and we can con¢rm the former.
Records of C. moro other than from Indonesia, the Philippines, Taiwan and the Xisha Islands need scrutiny. The report of this species from Palau (Hiro, 1937) , some 480 miles east of the Philippines, may well be correct, since no mention is made of conical spines on cirrus 1 and cirrus 2 is said to have pectinate setae. However, the occurrence on 'twigs' needs noting, since the original record by Pilsbry is from occurrences on intertidal specimens of Tetraclita. We have recently seen specimens of C. moro from the Mariana Islands, the Caroline Islands, Fiji and Samoa but not the Malay Peninsula. Broch (1922 Broch ( , 1931 reports C. moro on mangrove roots and leaves of Avicennia in Siam, but gives no details of morphology. This is a habitat more likely to be occupied by euraphiid barnacles. We have examined some of Broch's specimens and they do resemble Microeuraphia, a genus erected by Poltarukha, 1997 in his revision of the genus Euraphia. The specimens from Vietnam that Poltarukha (2001a,b) described as C. moro are attributable to C. malayensis on the basis of the arthropodal characters shown by the type. Our samples from Vietnam did not contain C. moro and we have not seen it in samples from Hong Kong.
Some authors have described Chthamalus stellatus from the Indian Ocean. In theory C. malayensis might possibly be mistaken for C. stellatus (Poli) if the basal guards on the serrate setae of the second cirrus were not easy to see. Unfortunately many authors have relied on the confused descriptions in Pilsbry (1916, pp . 301^304) of a mixture of what is now two species: C. stellatus (Poli) and C. montagui Southward, one of which has conical spines on cirrus 1 and the other does not (Southward, 1976) . Daniel (1956, p. 34) described Chthamalus stellatus stellatus as common on the Madras coast, but his illustrations and text make it clear that he was not working with C. malayensis, more likely a 'challengeri' form. Stubbings (1936) described C. stellatus from the Red Sea, but the details he gives also suggest a 'challengeri' form. Nilsson-Cantell (1938, pp. 29^30 ) mistakenly lists C. stellatus and C. challengeri from the Indian Ocean. His record of C. malayensis in the same report (p. 31) says 'Cirrus II has no large-toothed spines on the terminal segments' and he must therefore have been examining a 'challengeri' form.
Shell morphology
Shell characters of the species of Chthamalus discussed here show much change with age and habitat, as do most species of the genus. However, some distinctive characters can be observed. Specimens of Chthamalus moro are not only smaller than C. malayensis but are usually more conical in shape and have stronger ribbing of the parietes (Figure 2) .
Chthamalus malayensis looks comparatively £at and grows to a larger size, without marked ribbing. However, there may be a sinuous margin around the growing basal edge of the parietes. The outer surface of large specimens usually shows considerable erosion, comparable to that seen in C. stellatus. Figure 10 shows the card-mounted terga and scuta prepared by Pilsbry from the holotypes. His descriptions are worth quoting:
Chthamalus malayensis 'The opercular valves are deeply corroded externally, nearly white within, punctate. The articular ridge of the scutum is very prominent in the middle, tapering both above and below. Adductor pit rather deep, and there is a very small rudiment of an adductor ridge. The tergum is triangular, very narrow at the lower end. Articular ridge broadly re£exed. Scutal border broadly re£exed. Basal border nearly straight.' (We agree with this except that the adductor ridge is not really so rudimentary, though small.)
Chthamalus moro 'The tergal margin of the scutum is nearly equal to the basal; articular ridge straight, long, obliquely truncate below, not projecting beyond the tergal border of the valve. Adductor muscle pit not deep. There is no adductor ridge. Pit for the lateral depressor muscle deep. Interior white. Tergum with moderately developed articular ridge and narrow articular furrow. Spur broad, rounded, and short. Carinal lobe, bearing the crests, rather large, making an angle with the rest of the basal margin. This species has valves much like those of the American C. fragilis, but the articular ridges of both valves are weaker.' (We note that the interior of the valves of the type cannot now be called white.) Pilsbry (1916) equated the shell characters of Chthamalus moro with those of C. fragilis from the US Atlantic coast, and this may partly explain why later workers (Utinomi, 1954; Pope, 1965) regarded C. moro as a juvenile form of C. malayensis. Other species of the genus do indeed pass through a juvenile stage where the scutum and tergum resemble those found in adult C. fragilis and C. moro. With growth and age the muscle insertions and adductor ridges of other species become more prominent and the tergoscutal articulation becomes more sinuose.
Biogeographical considerations
Chthamalus malayensis
From the somewhat scattered records, it would seem that C. malayensis is a tropical Indo-west Paci¢c species that occurs widely in the Indian Ocean, in Indo-Malayan, Indonesian and Indo-Chinese waters and on tropical shores of Australia (Table 2; Figure 11 ). As Pope (1965) said, if the distribution of species of Chthamalus recorded by previous authors is plotted on a chart, the results resemble random shotgun patterns rather than sensible patterns related to climatic or other biogeographic factors. It is unfortunate that many previous authors appear to have relied on the old records quoted by Darwin (1854) for his then world-wide distributed species of Chthamalus to justify their species attributions, particularly records of so-called C. stellatus from the Indian and Paci¢c Oceans. Chthamalus stellatus is restricted to Europe, North Africa and the Atlantic islands of Madeira, the Azores and the Canaries (Crisp et al., 1981) .
The known distribution of C. malayensis is shown in Figure 11 . Occurrence north of the South China Sea and the Philippines needs veri¢cation. The species was reported by Utinomi (1954, pp. 18^21 ) from the Ryukyu Islands, and this seems quite likely in view of their tropical fauna. However, the published description includes characters that ¢t C. moro, and Utinomi probably had specimens of both species when he lumped C. moro as a synonym of C. malayensis.
Records of C. malayensis east of Indonesia and the Philippines require checking, especially those from some of the islands of the west Paci¢c. We have examined material in the Australian Museum collected in Fiji by Elizabeth Pope and Isobel Bennett. The samples do not contain C. malayensis as reported by Pope (1965) but are mostly a species of the 'challengeri' subgroup, with one example of C. moro. Foster (1974) also recorded C. malayensis from Fiji, but some of his illustrations of opercular plates di¡er strongly from typical C. malayensis. The only extant specimen from Foster's collection is an undescribed species belonging to the 'challengeri' subgroup. Foster (1990) also reported C. malayensis from Guam, but a sample collected by one of us (W.A.N.) there and another by G. Paulay, do not support this record. Samples from Fiji, collected by one of us (W.A.N.) and also by S.L. Coles and G. Paulay do not contain C. malayensis, but they do include C. moro and an undescribed species of the 'challengeri' subgroup. A similar mix of C. moro and an undescribed species of the 'challengeri' subgroup is found in samples from American Samoa collected by S.L. Coles and G. Paulay. Recently, we examined specimens of Chthamalus attached to the shells of the pedunculate barnacle, Capitulum mitella, on loan from the collections of the NMNH. These dated back to the late 19th Century and were Chthamalus moro.
Since Pope (1965) appears to have wrongly identi¢ed C. malayensis in Fiji, her records of the species in New Caledonia and the Santa Cruz Islands require veri¢cation.
A possible member of the 'malayensis' subgroup was recently described by Poltarukha (2000) as Chthamalus southwardi, collected in the Seychelles Islands. From the description, this species possesses the typical 'malayensis' characters of the ¢rst and second cirri, but it di¡ers in the height of the tergum, which is much bigger than in C. malayensis. It also di¡ers in the mandible, which has a long pecten, and in the maxillule, which appears to have no gap between the upper cluster of spines and the lower spines. One of us (A.J.S.) has seen chthamalids from Somalia, with a similar high tergum, collected at the same locations as C. malayensis and 'challengeri' type specimens. Although these Somali specimens have C. malayensis characters of the ¢rst cirrus and mandible, they have ¢nely pectinate setae without basal guards on cirrus 2. There has been no opportunity for further barnacle studies in that part of Africa. From the characters of this Somali form and from the description of C. southwardi it seems possible that other subgroups of Chthamalus exist in the Indo-west Paci¢c, additional to those listed in Table 1 . It also seems probable that more species of the 'malayensis' subgroup are awaiting discovery.
Chthamalus moro
In contrast to C. malayensis, Chthamalus moro appears to have a local distribution (Table 2; Figure 11 ). It is present in Indonesia, the Philippines, Taiwan, the Xisha Islands, the Ryukyu Islands, Palau, the Mariana Islands, the Caroline Islands, Fiji and Samoa. It is noteworthy that in the latter two groups of islands, C. moro is mostly present on the shells of larger barnacles, including Tetraclita viridis, Tesseropora wireni and Capitulum mitella. Chthamalus moro was not found in samples from the Tuamotu group, so that Samoa is presently its eastern limit in the Paci¢c. There are no valid records from mainland south-east Asia or the Indian Ocean. The apparent restriction of C. moro to islands suggests that it is an old species, possibly adapted to life in harsh tropical environments, and unable to compete on the mainland with newer chthamalids such as C. malayensis.
Chthamalus challengeri
Chthamalus challengeri in the strict sense is reliably reported only from Japan, from southern Hokkaido to the Ryukyus (Utinomi, 1949 (Utinomi, , 1954 (Utinomi, , 1962 (Utinomi, , 1970 and from South Korea (Kim & Kim, 1980; Kim, 1985) and the Yellow Sea (Dong et al., 1980) . It can be assumed to be a temperate/ warm temperate species of restricted distribution. In northern and eastern Hokkaido C. challengeri is replaced by C. dalli, which is the species found in the cooler waters of the North Paci¢c, from Far Eastern Russia across to Alaska and down south to California. It is di⁄cult to plot the distribution of Chthamalus challengeri and C. dalli from published records, since C. challengeri cannot be separated from C. dalli by purely arthropodal characters. The table given in Tarasov & Zevina (1957) for distinguishing these two species does not work. This table states that C. challengeri has conical spines on cirrus 1 and serrate setae with basal guards on cirrus 2, which we know is a mistake, based on the erroneous re-description in Pilsbry (1916) .
We have seen specimens of 'challengeri'-like forms of Chthamalus from locations in the Indian Ocean, including the Red Sea, the Persian Gulf, Somalia, Pakistan, Thailand, Vietnam and some of the islands of the western Paci¢c. These occurrences are to be compared with C. sinensis of Ren (1984) , for which the spines of cirrus 1 are not recorded, and with C. barnesi, a 'challengeri' group species described by Achituv & Safriel (1980) from the Sinai Peninsula in the northern Red Sea. There is probably more than one form of Chthamalus belonging to the 'challengeri' sub-group in the tropical Indo-west Paci¢c but further work, including genetic investigation, is needed to con¢rm their status and distribution.
Other species
The distribution of Chthamalus antennatus in Australia indicates it to be a temperate to warm-temperate adjusted species that has not even spread to New Zealand (Pope, 1965) . Therefore the few records of this species from tropical locations in south-east Asia must be viewed with caution. The material from the Philippines attributed to C. antennatus by Rossel (1978) has characters of C. malayensis and also apparently lacks the antenniform third cirri that are usually shown by C. antennatus. The material described by Ren (1984) from China does possess antenniform third cirri, but in other characters it ¢ts the 'challengeri' group. This Chinese population might represent an introduction of the Australian species to Chinese waters via shipping, or we may have to consider the possibility that other species of chthamalids can show antenniform third cirri that are not always detected (cf. Pope, 1965) . Unpublished work by one of us (W.A.N.) indicates that in Tetrachthamalus oblitteratus the development of the antenniform rami of the third cirri cyclically alternates with development of the penis.
Some ¢nal points resulting from this investigation can be stated. First, conserved type material is of utmost importance to biodiversity and biogeography as well as to taxonomy. The current tendency of administrators to dispose of regional fauna collections and University museums is misguided. Secondly, the genus Chthamalus is worthy of more biochemical genetic studies, in view of its variation and on account of the in£uence of this variation on Darwin's thinking and the development of his ideas on evolution (Southward, 1983) . Work on the Chthamalus genome is now proceeding in Europe, Israel and Japan as well as in Britain and the United States.
